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	 ΔA`[f = 0.0527f<dY+2U + 	ΔAa,U2+VUg	Z*g2 − 0.0527`2YdY+2U<dY+2U		ΔA`[f = 0.052 7f − 7`2YdY+2U <dY+2U + ΔAa,U2+VUg	Z*g2 	
	Following	system	2,	we	now	consider	system	3,	where	we	designate	the	mud	weight	needed	7f	and	the	bottomhole	pressure	as	pbhp.		Understanding	that	the	sum	of	pressures	from	system	1	to	3	is	equal	to	the	bottomhole	pressure,	we	describe	pbhp	as:	Aj\[ = 	 A* + 0.0527f<)kl		where	we	define:																									A* = 	0.0527`2YdY+2U<dY+2U 		Rearranging	to	solve	for	mud	weight:	












































	 nopqqrop = 	stuvMwuMG = stuvM	x	KDyFGEvMwuMG	x	KDyFGEvM = ztu{5tHJIM = |}po~ÄÅÇrÉp	"?*gZ2+ + Ñ?*gZ2+ = 	"?_V+Z2+ + Ñ?_V+Z2+	
"* + 12 7Ö*6 + 	7Bℎ* = 	"_ + 12 7Ö_6 + 	7Bℎ_	










2nd	Affinity	Law	 ">"6 = 0>06 6	The	second	affinity	law	states	that	pressure	is	proportional	to	the	square	of	the	shaft	speed	where	PN	represents	pressure	or	head	(psi	or	feet)	and	NN	represents	shaft	speed	in	RPM.	Using	an	iterative	process,	we	can	determine	the	pump	power	needed	in	order	to	overcome	system	pressure	at	a	given	flow	rate.		

























































































There	were	three	primary	objectives	for	the	investigation	of	transient	behavior:	1. Illustrate	how	to	simulate	a	connection	with	constant	bottom	hole	pressure		2. Establish	a	given	case	within	Drillbench™	and	simulate	connection	3. Optimize	connection	with	respect	to	time	and	downhole	pressure	
	











































We	will	show	the	following	steps	as	guidance	for	the	simulation	design	of	the	above	cases.	There	are	three	primary	input	categories	that	are	critical	to	having	the	simulation	compile:	1. Basic	Input2. Expert	Input3. Run	Configuration
We	will	showcase	each	input	category	and	the	corresponding	sub-categories	for	input.	The	details	of	each	section	are	paraphrased	from	the	Drillbench	Dynamic	Hydraulics	contents	which	can	be	accessed	from	Help	à	Help	Topics	
3.1 	Basic	Input	



























































































3.2.4 RCH	and	Choke	We	neglected	this	section	since	we	did	not	use	a	rotating	control	head	(RCH).	If,	however,	the	case	requires	it,	one	can	define	the	pressure	change	with	respect	to	choke	opening.		Additionally,	this	module	has	an	automatic	control	parameter	set	where	the	following	inputs	are	required:	1. Constant	bottomhole	ECD2. Proportional	gain3. Integral	gain4. Derivative	gain
3.2.5 Dual	Gradient	Mode	with	Subsea	Pump		
 There	are	four	primary	categories	of	input	for	DGD	simulation:	1. Dual	gradient	mode2. Fluids3. Riser	backpressure4. Sub-sea	pump
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10	 750.00	 14.45	 60	 145	 0	 0	 740.13	 26800.03	
0.5	 696.43	 14.45	 60	 145	 0	 0	 747.98	 26800.03	
0.5	 642.86	 14.45	 60	 145	 0	 0	 755.82	 26800.03	
0.5	 589.29	 14.45	 60	 145	 0	 0	 763.67	 26800.03	
0.5	 535.71	 14.45	 60	 145	 0	 0	 771.52	 26800.03	
0.5	 482.14	 14.45	 60	 145	 0	 0	 779.37	 26800.03	
0.5	 428.57	 14.45	 60	 145	 0	 0	 787.22	 26800.03	
0.5	 375.00	 14.45	 60	 145	 0	 0	 795.06	 26800.03	
0.5	 321.43	 14.45	 60	 145	 0	 0	 802.91	 26800.03	
0.5	 267.86	 14.45	 60	 145	 0	 0	 810.76	 26800.03	
0.5	 214.29	 14.45	 60	 145	 0	 0	 818.61	 26800.03	
0.5	 160.71	 14.45	 60	 145	 0	 0	 826.46	 26800.03	
0.5	 107.14	 14.45	 60	 145	 0	 0	 834.30	 26800.03	
0.5	 53.57	 14.45	 60	 145	 0	 0	 842.15	 26800.03	
1	 0.10	 14.45	 60	 145	 0	 0	 850.00	 26800.03	
1	 0.10	 14.45	 60	 145	 0	 0	 851.00	 26800.03	
1	 0.10	 14.45	 60	 145	 0	 0	 851.00	 26800.03	
1	 0.10	 14.45	 60	 145	 0	 0	 851.00	 26800.03	
1	 0.10	 14.45	 60	 145	 0	 0	 851.00	 26800.03	
0.5	 25.02	 14.45	 60	 145	 0	 0	 848.14	 26800.03	
0.5	 49.93	 14.45	 60	 145	 0	 0	 844.40	 26800.03	
0.5	 74.85	 14.45	 60	 145	 0	 0	 840.66	 26800.03	
0.5	 99.77	 14.45	 60	 145	 0	 0	 836.92	 26800.03	
0.5	 124.68	 14.45	 60	 145	 0	 0	 833.17	 26800.03	
1	 149.60	 14.45	 60	 145	 0	 0	 829.43	 26800.03	
0.5	 150.00	 14.45	 60	 145	 0	 0	 829.37	 26800.03	
0.5	 150.00	 14.45	 60	 145	 0	 0	 829.37	 26800.03	
0.5	 225.00	 14.45	 60	 145	 0	 0	 818.11	 26800.03	
0.5	 300.00	 14.45	 60	 145	 0	 0	 806.84	 26800.03	
0.5	 375.00	 14.45	 60	 145	 0	 0	 795.58	 26800.03	
0.5	 450.00	 14.45	 60	 145	 0	 0	 784.31	 26800.03	
0.5	 525.00	 14.45	 60	 145	 0	 0	 773.05	 26800.03	
0.5	 600.00	 14.45	 60	 145	 0	 0	 761.78	 26800.03	
0.5	 675.00	 14.45	 60	 145	 0	 0	 750.52	 26800.03	





4.1 	Mud	Level	In	Figure	30	below,	we	show	the	annular	mud	height	for	the	riser	as	well	as	the	U-tubing	effect	of	the	drillstring	during	stages	of	a	connection.	The	stages	are	described	below.	1. Initial	condition	–	750	GPM2. Ramp	down	rig	pumps	from	750	GPM	to	0	GPM	in	7.5	mins3. Wait	5	minutes	–	make	connection4. Ramp	up	rig	pumps	to	150	GPM	in	3	mins5. Wait	1	minute	to	break	gel	strength6. Ramp	up	pumps	from	150	GPM	to	750	GPM	in	4	minutes7. Final	condition	–	750	GPM
Figure	30	-	Mud	Level	During	Connection	for	Drillstring	and	Riser	
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Attached	on	the	next	page	is	the	complete	specification	sheet	for	the	BHA	and	drillstring	in	Table	5.		The	following	information	is	summarized	on	Table	2,	3,	and	4	below: 1. Sensor	offsets	from	bit2. Stabilizer	summary3. BHA	Nozzle	Summary
Sensor Offset from Bit (ft) 
Gamma Ray 7.56 
D+I 8.36 
APWD 26.46 
ARC Resistivity 28.79 








BHA Nozzle Summary 
Bit Nozzle Reamer Nozzle 
Count ID (1/32 in) Count ID (1/32 in) 
6 14.000 1 8.000 
1 15.000 
TFA (in2) 1.075 TFA (in2) 0.049 
Table	4	-	BHA	Nozzle	Summary	(Statoil	ASA)	
Stabilizer Summary 






17.725 12.125 1.270 
41.880 12.125 1.500 
75.320 12.000 2.280 
112.000 12.000 0.525 
132.640 12.000 0.525 
149.170 12.000 3.580 
157.250 11.650 3.258 
180.640 12.125 2.200 
189.165 11.500 4.583 



































1 12  1/4" PDC Bit Smith 
8.000 
12.250 0.96 0.96 0.4 3.000 6.625 Regular Pin 
2 PD900 X5 12 1/4" Slick CC Schlumberger 
9.000 
11.960 
6.625 REG Box 
13.45 14.41 2.8 5.125 6.625 REG Box 
3 




6.625 Regular Pin 8.375 






6.625 FH Pin 8.375 
19.45 39.88 7.0 4.250 6.625 FH Box 4.76 
5 
Telescope 825 w/bttm 12 1/8 




6.625 FH Pin 8.375 
30.65 70.53 11.4 4.250 6.625 FH Box 1.37 
6 




6.625 FH Pin 8.250 
36.00 106.53 16.4 5.900 6.625 FH Box 1.03 
7 




6.625 FH Pin 8.375 
32.70 139.23 20.7 5.807 6.625 FH Box 4.51 
8 
SADN8 (DEN-NEU) w/ (2) 
12" Stabilizers Schlumberger 
8.250 
12.000 
6.625 FH Pin 8.000 
29.40 168.63 24.2 3.250 6.625 Regular Box 6.71 
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9 NM Downhole Filter Sub Mashburn 
8.063 
8.063 
6.625 Regular Pin 
7.55 176.18 25.3 3.063 6.625 Regular Box 
10 
12 1/8" NM IB Stabilizer w/ 




6.625 Regular Pin 8.313 
6.34 182.52 26.3 3.063 6.625 Regular Box 2.96 
11 
12 1/4 x 14-3/4" RhinoXS 
Reamer 11625 Series w/ 
non-ported (Auto-Fill) float 
valve  (TFA: 0.049,1x8) Smith 
8.160 
11.500 
6.625 Regular Pin 8.250 
16.88 199.40 30.0 3.000 6.625 Regular Box 4.90 
12 1 x 8 1/4" Spiral Drill Collar Rig 
8.250 
8.250 
6.625 Regular Pin 8.250 
31.04 230.44 34.8 2.813 6.625 Regular Box 1.35 
13 12 1/8" NM IB Stabilizer StabilDrill 
8.250 
12.250 
6.625 Regular Pin 8.250 
8.07 238.51 36.1 2.875 6.625 Regular Box 3.17 
14 
11 x 8 1/4" Spiral Drill Collars 
(11 joints) Rig 
8.250 
8.250 
6.625 Regular Pin 8.250 
336.82 575.33 87.9 2.813 6.625 Regular Box 1.09 
15 Crossover Quail 
8.500 
8.500 
6.625 Regular Pin 
4.43 579.76 88.7 3.063 6.625 FH Box 
16 3 x 6 5/8" HWDP  (3 joints) Quail 
6.625 
8.500 
6.625 FH Pin 8.500 
91.52 671.28 96.0 4.500 6.625 FH Box 1.50 
17 Hydra-Jar 8" Schlumberger 
8.000 
8.160 
6.625 FH Pin 6.500 
33.01 704.29 99.6 3.000 6.625 FH Box 2.48 
Table	5	-	Continued
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18 11 x 6 5/8" HWDP (11 joints) Rig 
6.625 
8.250 
6.625 FH Pin 8.500 
337.67 1041.96 126.4 4.500 6.625 FH Box 1.50 
19 Crossover Rig 
8.375 
8.375 
6.625 FH Pin 7.000 
4.26 1046.22 127.1 3.000 5.875 VX57 Box 2.01 
20 
5-7/8 " 26.30 (0.415wt) DPS, 
10% Wear (180 joints) Rig 
5.792 
7.000 
5.875 VX57 Pin 
7936.58 8982.80 359.3 5.045 5.875 VX57 Box 
21 Crossover Rig 
7.000 
8.250 
5.875 VX57 Pin 
3.42 8986.22 359.6 4.250 6.625 VX65 Box 
22 
6-5/8 " 31.20 (0.475wt) DPS, 
10% Wear (216 joints) Rig 
6.530 
8.250 
6.625 VX65 Pin 
9519.18 18505.40 702.9 5.675 6.625 VX65 Box 
23 Crossover Quail 
8.500 
8.500 
6.625 VX65 Pin 
3.15 18508.55 703.4 3.000 6.625 FH Box 
24 
6-5/8 " 40.00 (0.625wt) DPZ, 




6.625 FH Pin 
9170.39 27678.94 1151.6 5.375 6.625 FH Box 
Table	5	-	Continued
